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© Delay time adjusting method, circuit, and system. 


© In a delay time adjusting circuit a transmitter 
device divides original data into a first data signal 
gu&nd a second data signal and sends the first data 
^signal and the second data signal via different trans- 
mission paths to a receiving device, and the recetv- 
^ing device mixes the first data signal and the second 
CQdata signal so as to reproduce the original data. In 
^the receiving device, the first data signal is written in 
^ first elastic memory (101) and is operated in response 
C^to a clock of the first data signal, the second data 
q signal is delayed and corresponding bits of the first 
elastic memory (101) are sequentially read out in 
ft» response to an output of a ring counter (K)4) having 
the same number of bits as that of the first elastic 
memory (101) and operated in response to a clock of 


the second signal, and to which the position of the 
first data signal In the first elastic memory (101) is 
loaded in response to the delayed second data sig- 
nal. 
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DELAY TIME ADJUSTING METHOD, CIRCUIT, AND SYSTEM 


BACKGROUND OF THE INVENTION 

FteW of the Invention 

The present invention relates to a signal trans- 
mission system and. more particularly, to a delay 
time compensation circuit for absorbing a differ- 
ence between delay times of two signals, which are 
division ally transmitted, using an elastic memory. 

Description of the Related Art % 

The frequency band of a television signal in an 
RAL system is 0 - 5 MHz. When this signal is 
sampted by 13 MHz in accordance with a sampling 
theorem and is expressed by 8 bits per one sam- 
pling value, it becomes 104 Mbps. 

Usually, this 104 Mbps signal is not sent in its 
original form, but 68 Mbps is used by a band 
compression such as DPCM, etc. 

However, according to CCITT recommendation 
a hierarchy of the transmission path for transmitting 
this signal should be 2 MHz. 8 MHz. 34 MHz. and 
140 MHz. 

As seen from the above, the speed at which 
the 68 Mbps signal in its original form can be 
transmitted is only 140 MHz, and this is uneconom- 
ical because the whole transmission capacity is not 
used. 

Therefore, the technique by which the 68 Mpps 
is divided into two signals and is transmitted as two 
34 Mbps signals is considered in the present in- 
vention. 

In terms of the capacity of the transmission 
path, a single high-speed signal must often be 
transmitted after being divided into a plurality of 
low-speed signals, and the low-speed signals must 
be mixed to obtain the original high-speed signal 
again at the reception side. In this case, in order to 
appropriately receive the two signals at the recep- 
tion side, the propagation delay times of the two 
signals should be equal. In practice, however, a 
difference in propaga tion delay times occurs, due 
to various causes. 

The major causes of the difference in propaga- 
tion delay times include a difference between sig- 
nal propagation times inherent to the transmission 
paths. 


SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an effective means for absorbing the difference in 

5 delay times which occurs in the transmission path. 
The above mentioned object can be achieved 
by providing a delay time adjusting method in 
which a transmitter device divides original data into 
a first data signal and a second data signal and 

to sends the first data signal and the second data 
signal via different transmission paths to a receiv- 
ing device, and the receiving device mixes the first 
data signal and said second data signal so as to 
reproduce the original data The present invention 

is is characterized in that in the receiving device, the 
first data signal and a sync signal synchronous 
therewith are simultaneously written in first and 
second elastic memories, which have the same bit 
length and are operated in response to a clock of 

20 the first data signal, the second data signal and a 
sync signal synchronous therewith are delayed by 
the same time period, and corresponding bits of 
the first elastic memory are sequentially read out in 
response to an output of a ring counter, which has 

2S the same number of bits as that of the first and 
second elastic memories and is operated in re- 
sponse to a dock of the second signal, and to 
which the position of the first sync signal in the 
second elastic memory is loaded in response to 

ao the delayed second sync signal. 

Further, the above mentioned object can be 
achieved by providing a delay time adjusting circuit 
in a signal transmission system in which a high- 
speed data signal is divided into two low-speed 

35 data signals, the low-speed signals are transmitted 
through different transmission paths, and after a 
difference in delay times between the two signals 
is absorbed at a reception side, the low-speed 
signals are mixed again. This aspect is character- 

40 ized in that a first signal and a sync signal synchro- 
nous therewith are simultaneously written in first 
and second elastic memories which have the same 
bit length and are operated in response to a clock 
of the first signal; a second signal and a sync 

45 signal synchronous therewith are delayed by the 
same time period by a fixed delay circuit; the 
position of the first sync signal in the second 
elastic memory is loaded, in response to the de- 
layed second sync signal, in a counter, which has 

50 the same number of bits as that of the first and 
second elastic memories and is operated in re- 
sponse to a clock of the second signal; and cor- 
responding bits of the first elastic memory are 
sequentially read out through a data selector in 
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response to the output from the counter, thereby 
obtaining a first signal output from which the dif- 
ference in the delay times with respect to the 
second signal is absorbed. 

Still further, the above mentioned object can be 
achieved by providing a delay time adjusting sys- 
tem in which the phases of first and second inputs 
of third multiplexed data having a phase difference 
of ±D bits, and in which the first input consisting of 
a bipolar signal is converted to a unipolar signal by 
a first bipolar/unipolar converter, and a high density 
bipolar (HDB3) code is decoded by a first HDB3 
decoder, thus producing a 34 MHz clock signal as 
well as a 34-Mb/sec data signal, a first demul- 
tiplexer demultiplexes these signals and produces 
eight 4-Mb/sec data signals, a 4 MHz clock signal, 
and a frame signal, the eight data signals and the 
frame signal are delayed through nine D/8-bit delay 
circuits in a fixed delay circuit, and a first data 
signal is output as output data DATA OUT), and a 
second data input similarly passes through a sec- 
ond bipolar/unipolar converter, a second HDB3 de- 
coder, and a second demultiplexer, thus producing 
eight 4-Mh/sec data signals, a 4 MHz clock signal, 
and a frame signal, the eight data signals and the 
frame signal are input to a variable delay circuit 
and are delayed through nine D/4-bit delay circuits. 
This aspect is characterized in that the variable 
delay circuit receives the 4 MHz clock signal from 
the second demultiplexer as a write clock, the 4 
MHz clock signal from the first demultiplexer as a 
read clock, and the frame signal passing through 
the fixed delay circuit as a delay sync signal, 
thereby producing output data DATA OUT2 which 
is phase-locked with the output data DATA OUT1. 

Further feature and advantages of the present 
invention will be apparent from the ensuring de- 
scription with reference to the accompanying draw- 
ings to which, however, the scope of the invention 
is in no way limited. 


BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is a block diagram of a signal trans- 
mission system to which the circuit of the present 
invention is applied; 

Fig. 2 is a timing chart showing the data 
which flows in the system shown in Fig. I; 

Fig. 3 is a timing chart explaining the princi- 
ple of the present invention; 

Fig. 4 is a block diagram of the circuit of the 
present invention; 

Fig. 5 is a block diagram of one embodiment 
of the circuit according to the present invention; 

Fig. 6 is a timing chart showing the respec- 
tive signals in the embodiment shown in Fig. 5; and 


Fig. 7 is a block diagram of a signal trans- 
mission system to which the circuit of the present 
invention is applied. 

5 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure I is a block diagram of a signal trans- 
io mission system to which the circuit of the present 
invention is applied; and Rg. 2 is a timing chart 
showing the data which flows in the system shown 
in Rg. I. 

In Rg. I, a transmitter device I modulates a 

75 PAL video signal to a DPCM (differential pulse 
code modulation) form to prepare a 68-Mb/sec 
f signal, and the 68-Md/sec signal is divided into two 
low-speed signals A and B through a distribution 
device 2. The signals A and B are transmitted 

20 through transmission paths 3 and 4 having a trans- 
mission rate of 34.368 Mb/sec rated by the CCITT 
recommendation, and are mixed by a mixing de- 
vice 5 to reproduce the 68-Mb/sec signal. The 
reproduced signal is then received by a receiver 

25 device 6. 

In Rg. 2, (a) is an original data (DPCM signal), 
(b) is transmitted data having substantially the 
same phase and transmitted on the transmission 
lines A and B, and (c) is received data. In this case,' 

30 a difference of propagation time occurs between 
the received data A and B. 

Rgure 3 is a timing chart showing a principle 
of adjusting the difference of the propagation time 
between the data A and the data B mentioned 

35 above. 

In Rg. 3. (a) shows a data signal A, (b), (c) and 
(d) are contents of elastic memories storing the 
content of the data, which is divided into three 
portions and delayed by one bit of data In Rg. 3, - 

<o (©). (9). (0 are the data signal B, wherein (e) is in 
phase wfth the data signal A. (g) is advanced to the 
data signal B by 1.5 bits, and (i) is delay from the 
data signal B by L5 bits. In the present invention, 
the data signal (e), (g) and (i) are delayed by the 

45 same bit as (f), (h), Q) in Rg. 3. As shown in Rg. 3, 
the delayed data (f). (h) and (i) are positioned in the 
range where the corresponding data are stored in 
the data (b), (c) and (d). For example, data "I" in 
the data signal B are positioned in the range of 

so data "I" in the data signal (b) regardless of when 
the signal data B is advanced or delayed as shown 
in (h) or Q). 

Rgure 4 shows an arrangement based on the 
principle of the present invention. 
55 Reference numerals 101 and 102 denote first and 
second elastic memories, respectively, and 106, a 
counter. The first and second elastic memories 101, 
102 simultaneously receive a first data signal A - 
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(shown in Fig. 3 (a)) and a sync signal A (shown in 
Rg. 3 (a*)) synchronous therewith, which have the 
same bit length, and are operated in response to 
an output from the counter 106 for counting clocks 
A synchronous with the data signal A. Then the 
data (b), (c), (d) shown in Rg. 3 are read out from 
the elastic memory 101. 

Reference numeral 103 denotes a fixed delay 
circuit, which delays a second data signal B shown 
»n (e). (g), (i) of Rg. 3 and a sync signal B (shown 
in Rg. 3 <e'). (g') t (i*)) synchronous therewith by the 
same numter of bits. 

Reference numeral 104 denotes a counter, 
which has the same number of bits as that of the 
first and second elastic memories 101 and 102 and is 
operated in response to the clocks B synchronous 
with the second data signal B. In addition, the 
counter 104 loads the position of the first sync 
signal A shown in Rg. 3 (a f ) in the elastic memory 
102 in response to the delayed second sync signal 
B (shown in Rg. 3 (f ). (h f ). ff». 

Reference numeral 105 denotes a data selector 
for sequentially reading out the corresponding data 
signal A (shown in Rg. 3 (b), (c). (d)) from the first 
elastic memory 101 in response to the output from 
the counter K)4. 

Where it is assumed that the data signals A 
and B are received in phase, in advance phase (for 
example, 1.5 bit) or delayed phase (for example 1.5 
bit). 

The data signal A is divided by the elastic 
memory 101 into n (for example three) phase signals 
and accordingly, each phase signal becomes n bit 
(for example, 3 bits) in width. 

At the same time, the data stngal B and the 
sync signal B are delayed n/2 bit (in this example 
1.5 bit) by the fixed delay circuit 103. (Rg. 3 (f), (h). 
6» 

Here, the data selector 105 reads, in order, the 
output of the elastic memory 101 in accordance with 
the clock from the counter 104, and the phase of 
the clock of the counter 104 coincides with the 
phase of the sync signal B. then the phase of the 
data signal A from the data selector 105 coincides 
with the phase of the data signal B from the fixed 
delay circuit 103. 

Rgure 5 shows one embodiment of the present 
invention, in Rg. 5, reference numeral II denotes a 
3-bit ring counter and 12, a NAND gate. Reference 
numerals 13. 14, and 15 denote flip-flops (to be 
referred to as F»Fs hereinafter), which constitute a 
3-bit memory cell, that is. the elastic memory cell 
KM shown in Rg. 4. Reference numeral 18 denotes a 
data selector corresponding to 105 in Rg. 4. Refer- 
ence numerals 21, 22. and 23 denote flip-flops (to 
be referred to as F*Fs hereinafter), which con- 
stitute a 3-bit memory cell that is, the elastic mem- 
ory cell 102 in Rg. 5. Reference numeral 24 - 


(corresponds to 103 in Rg. 4) denotes a fixed delay 
circuit. Rgure 5 exemplifies a case wherein one 
data input B of two data inputs A and B is con- 
stantly delayed by 1.5 bits by the fixed delay circuit 
s 24, and the other data input A is variably delayed 
through a 3-bit elastic memory. The sync signals A 
and B are signals indicating the positions of the 
phases of the data inputs A and B at the transmis- 
sion side. 

w Rgure 6 shows the respective signals in the 
emtodiment shown in Rg. 5. In Rg. 6 (3) 
indicates a write dock A input; (B) 

© .and (3) , Q, . Q, . and Q, outputs 
of the 3-bit ring counter II, respectively; (§) 

T5 a data A input; © • © .and 
© , Q outputs of the F«F 13 the F«F 14, and 
the F#F 15, respectively; i . a sync signal B input; 

Q) . © .and (?) .Qoutputsof 
the F*F 21, the F»F 22, and the F«F 23, respec- 

20 trvety; © , a sync signal B input (n) 
an output of the fixed delay circuit 24, (o) 

© . and (J) , Q„ Q, and Q, outputs of 
the 3-bit ring counter 16, respectively; (?) 
(3) data B' output of the fixed delay circuit 

25 24, and s , a data A* output of the data selector ta 
The ring counter II generates threephase clock 
outputs (£) , © .and (§) which 
sequentially go to V level at every leading edge of 
the write dock A synchronous with the data A input 

so indicated by @ from the output terminals Q, 
. a . and a thereof. The F»F 13, and F*F 14, and 
F*F 15 constituting the memory cell respectively 
receive the parallel data A inputs (I. 2, 3, ...) in- 
dicated by ® at their data terminals D and 

35 also receive the clocks © , ® and 
(3) at their clock terminals CK. The F»F 13, 
F*F 14, and F*F 15 retrieve the data A inputs in 
response to the trailing ectoes of the clocks 
® . © .and (3) . thus generat- 

40 ing the outputs f (I. 4, ...), g (2, 5. ...) and h (3. 6. 
...) from their Q outputs. 

The F«F 21, F«F 22. and F«F 23 respectively 
receive the parallel sync signal A input indicated 
by ®_ at their data terminate D and the 

45 clocks © ■ 0 . and @ at their 
clock terminals CK, and retrieve the sync signal A 
in response to the leading edges thereof. The sync 
signal A is synchronous with a signal (I) in the data 
A input The F»F 21 bads a V in response to the 

so trailing edge of the dock © . and holds a T 
at its output (J) during a 3-bit interval until 
the clock trails again. On the other hand, 

the outputs ® and (T) are at "0" 
level. 

55 The data B input and the sync signal B input 
indicated by @ are delayed by 1.5 bits by 
the fixed delay drcuit 24. thus produdng the data 
B output and the sync signal output © . The 
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3-bit ring counter 16 receives the sync signal output 

(n) at its load terminal LOAD. When the 
signal © is at T-level. the counter 16 loads 
the values of the outputs u) , (£) , and 
@ applied to its data terminals D, , D, . and 
D, in response to the leading edge of the read 
clock B input thereby producing the outputs 

© , ^ , and ^ , respectively. 
In this case, the output @ , is at "I" level, 
and the outputs and are at "0" 

level. W 

When the output © goes to "I" level, 
the data selector 18 selects and outputs the data 

(?) of the corresponding F»F 13, thereby 
producing data of (I) from the data A' output The 
3-bit ring counter 16 receives the read clock B input 
at its clock terminal CK, and generates the outputs 
© . (F) . and (5) from the ter- 
minals Q, , Q> and Qs which suBsequerrtiaJly go to 
"t" level, respectively. In response to the outputs 

© , (p) .and (<£) , the data se- 
lector 18 sequentially selects and outputs the date 

© - (D .and ® .Thus, data of 
(2), (3), (4), „ are sequentially selected and are 
output to the data A output indicated by (§) 

In this manner, the data A is phase-locked with 
the sync signal B ( © ) passing through the 
fixed delay circuit 24 and is output to the output 

© via the data selector 18, thereby adjust- 
ing the phase difference between the data A and B. 

According to the embodiment shown in Fig. 5, 
when the data A input has the phase difference 
falling within the range of ±1.5 bits compared to the 
data B input this difference can be adjusted to lock 
their phases. 

Referring to Rg. 6B, (5) indicates a 
case wherein the date B input advances from the 
data A input by 1.5 bits, and ® indicates a 
case wherein the data B input is delayed from the 
data B input by L5 bits. In this case, since the sync 
signal B ( © ) passing through the fixed de- 
lay circuit 24 also advances or is delayed by 1.5 
bits, the data A output indicated by (3) also 
advances or is delayed by the same numter of bits. 
Therefore, the phase adjustment with respect to the 
data A output can be similarly performed. 

Figure 7 shows a practical application of the 
method of the present invention to an apparatus. 
Figure 7 exemplifies a case wherein the phases of 
inputs I and 2 of third multiplexed data D3, which 
have the phase difference of ±D bits, are adjusted. 
A first input D3 INI consisting of a bipolar signal is 
converted to a unipolar signal by a bipolar/unipolar 
converter (B/U) 31, and a high density bipolar - 
(HDB3) code is decoded by an HDB3 decoder - 
(HDB/3/U) 32, thus producing a 34 MHz clock 
signal as well as a 34-Mb/sec data signal. A demul- 
tiplexer (DMUX) 33 demultiplexes these signals 


and produces eight 4-Mb/sec data signals, a 4 MHz 
clock signal, and a frame signal. The eight data 
signals and the frame signal are delayed through 
nine 0/8-bit delay circuits in a fixed delay circuit 

5 34. and the data signal is output as output data 
DATA OUTI. 

Meanwhile, a second data input D3 IN2 simi- 
larly passes through a bipolar/unipolar converter - 
(BAJ) 35, and HDB3 decoder (HDB3/U) 36, and a 

io demultiplexer (DMUX) 37, thus producing eight 4- 
Mb/sec data signals, a 4 MHz clock signal, and a 
frame signal. The eight data signals and the frame 
signal are input to a variable delay circuit 38, and 
are delayed through nine D/4-bit delay circuits. The 

75 variable delay circuit 38 as the main feature of the 
present invention uses the 4 MHz clock signal from 
the DMUX 37 as a write clock, the 4 MHz clock 
signal from the DMUX 33 as a read dock, and the 
frame signal passing through the fixed delay circuit 

20 34 as a delayed sync signal, and is operated in the 
same manner as in the emtodiment shown in Rg. 
5, thereby producing output data DATA OUT2 
which is phase-locked with the output data DATA 
OUT). 

25 According to the signal transmission method of 
the present invention as described above, one sig- 
nal is applied to an elastic memory to read out data 
therefrom and obtain an output in response to a 
ring counter output which is stepped by the num» 

30 ber of bits corresponding to a difference between 
delay times of the sync signals of two signals, and 
the other signal is constantly delayed by a given 
number of bits. Therefore, even if one signal is 
either advanced or delayed from the other signal, 

35 any difference in the delay times can be absorbed. 


Claims 

40 I. A delay time adjusting method in which a 
transmitter device divides original data into a first 
data signal and a second data signal and sends 
sad first data signal and said second data signal 
via different transmission paths to a receiving de- 

45 vice, and said receiving device mixes said first data 
signal and said second data signal so as to repro- 
duce said original data, characterized in that in said 
receiving device, said first data signal is written in 
first elastic memory and is operated in response to 

so a clock of said first data signal, said second data 
signal is delayed and corresponding tuts of said 
first elastic memory are sequentially read out in 
response to an output of a ring counter having the 
same number of bits as that of the first elastic 

55 memory and operated in response to a clock of the 
second signal, and to which the position of the first 
data signal in the first elastic memory is loaded in 
response to the delayed second data signal. 
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2. A delay time adjusting circuit in a signal 
transmission system in which a high-speed data 
signal is divided into two low-speed data signals, 
the low-speed signals are transmitted through dif- 
ferent transmission paths, and after a difference in 
delay times between the two signals is absorbed at 
a reception side, the low-speed signals are mixed 
again, characterized in that 

a first signal and a sync signal synchronous there- 
with are simultaneously written in first and second 
elastic memories (10I. I02) having the same bit 
length and are operated in response to a clock of 
the first signal; 

a second signal and a sync signal synchronous 
therewith are delayed by the same time period by 
a fixed delay circuit (I03); 

the position of the first sync signal in said second 
elastic memory is loaded, in response to the de- 
layed second sync signal, in a counter (KM) having 
the same number of bits as that of said first and 
second elastic memories and operated in response 
to a clock of the second signal; and 

corresponding bits of said first elastic memory are 
sequentially read out through a data selector (105) 
in response to the output from said counter, there- 
by obtaining a first signal output, from which the 
difference in the delay times with respect to the 
second signal is absorbed. 


3. A delay time adjusting system in which the 
phases of first and second inputs of third mul- 
tiplexed data having a phase difference of ±B bits 
and in which said first input consisting of a bipolar 

5 signal is converted to a unipolar signal by a first 
bipolar/unipolar converter (31), and a high density 
bipolar (HDB3) code is decoded by a first HDB3 
decoder (32), thus producing a 34 MHz clock sig- 
nal as well as a 34-Mb/sec data signal, a first 

to demultiplexer (33) demultiplexes these signals and 
produces eight 4-Mb/sec data signals, a 4 MHz 
clock signal, and a frame signal said eight data 
signals and said frame signal are delayed through 
nine D/8-bit delay circuits in a fixed delay circuit - 

75 (34), and a first data signal is output as output data 
DATA OUTI, and a second data input similarly 
passes through a second bipolar/unipolar converter, 
a second HDB3 decoder (36). and a second demul- 
tiplexer (37), thus producing eight 4-Mb/sec data 

20 signals, a 4 MHz clock signal, and a frame signal, 
said eight data signals and said frame signal are 
input to a variable delay circuit (38), and are de- 
layed through nine D/4-bit delay circuits, character- 
ized in that said variable delay circuit receives the 

25 4 MHz clock signal from said second demultiplexer 
(37) as a write clock, the 4 MHz clock signal from 
said first demultiplexer (33) as a read clock, and 
the frame signal passing through said fixed delay 
circuit (34) as a delayed sync signal, thereby pro- 

30 ducing output data DATA OUT2 which is phase- 
locked with the output data DATA OUTI. 
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Fig. 5 


WRITE 
CLOCK 
INPUT 


S.IN 


RING COUNTER 

02 03 


DATA A 


INPUT^j 


-13 


-CK 


SYNC ^ 
SIGNAL ACP r . 
INPUT 


■CK 


Xl4 


CK 


Q -, 


^22 


CK 


0 -n 


READ 
CLOCK B 
INPUT 0 


Dt 

ami 

CK 


12 


,»101 


CK 


(fir 


SI** 


CK 


i 


I 


D 2 D3 
RING COUNTER LOAD 


17 


03 


-(E) 


DATA B 

INPUT 0 

SYNC Q 

SIGNA LB 

INPlJr 


24 


k 16 


> H- 
18 <? 

QC QO 

o 

<T UJ 


FIXED 
DELAY 
CIRCUIT 


_oDATA B' 
OUTPUT 


READ 

CLOCK B 
INPUT 


0 213 641 



0 213 641 



0 213 641 



